a-Amino trifluoromethyl ketones (ATFMKs) and the masked versions thereof are compounds which have found widespread use as an important class of inhibitors of hydrolytic enzymes including serine, cysteine and aspartyl proteases 1) and as precursors of physiologically important ethanolamine derivatives.
a-Amino trifluoromethyl ketones (ATFMKs) and the masked versions thereof are compounds which have found widespread use as an important class of inhibitors of hydrolytic enzymes including serine, cysteine and aspartyl proteases 1) and as precursors of physiologically important ethanolamine derivatives. 2) Published methods for the preparation of ATFMKs are the Henry reaction followed by nitro reduction and oxidation, 3) the condensation of a CF 3 ZnX, CF 3 MgX, or CF 3 SiMe 3 with an aldehyde followed by oxidation, 4) or the condensation of carboxylate dianions with trifluoroacetaldehyde hemiacetal followed by rearrangement and oxidation. 5) In general, the oxidation of trifluoromethyl alcohols to the corresponding ketones is difficult and requires the use of the relatively expensive Dess-Martin reagent. 6) In order to circumvent the oxidation of alcohols, two methods have recently been devised: i) addition of CF 3 SiMe 3 to oxazolidin-5-ones followed by acid hydrolysis, which is somewhat limited by steric constraints 7) and ii) hydrolysis of 4-trifluoromethyl-D 3 -imidazolines, which is limited by the fact that only glycine and phenylglycine derived ATFMKs are accessible. 8) The Dakin-West (D-W) reaction of N-benzoyl a-amino acids with trifluoroacetic anhydride (TFAA) has been successfully implemented for the preparation of a-amino trifluoromethyl ketones.
9) The scope of the sequence seems to be narrow and only a-benzamido trifluoromethyl ketones could be obtained from the corresponding oxazolones.
On the other hand, treatment of N-acyl-N-alkyl-a-amino acids or N-acylprolines with TFAA under the D-W reaction conditions can lead to trifluoromethyl substituted oxazoles, 10) acyloins, 11) or morpholines, 12) depending on the nature of the N-substituents of the amino acids and/or reaction conditions. In these reactions, the D-W reaction products, ATFMKs, were not isolated. Recently, we also found that the reaction of N-alkoxycarbonylprolines with TFAA led unexpectedly, by way of a novel decarboxylative dehydration followed by trifluoroacetylation, to 4-trifluoroacetyl-2,3-dihydropyrroles. 13) In the reaction, the D-W reaction products 2-trifluoroacetylpyrrolidines were not obtained. As part of our studies on the reactivities of mesoionic 1,3-oxazolium-5-olates generated from secondary a-amino acids, we have investigated in detail the reaction of N-alkoxycarbonyl-N-alkyl-a-amino acids (1) with TFAA, which has not been previously reported in the literature. We now present a full account of this reaction. The reduction of the products, ATFMKs (2) with NaBH 4 provides the threo-aminoalcohols (5) which were converted to trans-5-trifluoromethyl-2-oxazolidinones (6).
Results and Discussion
First, we examined the D-W reaction of N-benzyl-Nmethoxycarbonylglycine (1a) with TFAA under various conditions. The results are summarized in Table 1 . As is shown in run 1, no reaction takes place in the absence of pyridine. Three eq of TFAA with respect to 1a were needed to obtain a good yield of the product (2a) (runs 4, 7, and 8). Several Nalkoxycarbonyl-N-alkylamino acids (1) were subjected to the reaction under the optimum conditions (run 3). As is shown in Table 2 , various amino acids (1a-j) of glycine, phenylalanine, alanine, leucine, and phenylglycine were transformed to the ATFMKs (2a-j). The yield of 2a was dimin-ished by the longer reaction time (Table 1 , runs 2-4), whereas the yields of ATFMKs (2b-j) were not influenced by the reaction time. N-Methoxycarbonyl (1a, b, d-g, and j) and N-ethoxycarbonyl (1i) derivatives worked well and gave the corresponding ATFMKs (2a, b, d-g, i, and j) in good yields. In the case of N-benzyloxycarbonyl derivatives (1c and h), N-carboxy a-amino acid anhydrides (4a and b) were also isolated (runs 3 and 8). The mechanism of formation of 4 is discussed later (Chart 2).
The 1 H-NMR spectra of ATFMKs (2) were complicated due to both the hindered rotation around the amide bond and the existence of the hydrates (3) and the trifluoromethyl ketones (2) . The MS spectra of 2a, 2e, 2f, and 2j showed peaks as the hydrates (3), whereas those of other 2 showed peaks as the ketones. The IR spectra of 2 exhibited an absorption band due to keto (1760 cm Ϫ1 ) forms. Formation of the hydrate on silica gel, well known for TFMKs, is responsible for the lowering of the yield.
14) As significant losses occur through hydration on the silica gel during chromatography, ATFMKs (2) can be used without purification as a starting material.
The reaction of 2b with NaBH 4 in EtOH for 1 h afforded an easily separable mixture of alcohol (5b) and 2-oxazolidinone (6b) in 36% and 56% yields, respectively (Table 3, run  3 ). The formation of 6b might be due to the cyclization of 5b during the reaction. Prolonged reaction time (24 h) leads to the quantitative formation of oxazolidinone (6b) (run 4). Compound 5b was found to be syn from the 1 H-NMR (Jϭ 3.9 Hz for ring protons 4-H and 5-H) of the correponding oxazolidinone 6b obtained by cyclization of 5b, which may be explained by the Felkin-Anh model (7) (Chart 1). 15) In the Felkin-Anh model (7), the N-alkoxycarbonyl-N-alkyl-amido group plays the role of 'large' substituent. 16) In order to prove the generality of the reaction, the process was further applied to 2a and c-f (Table 3) . Phenylalanine (2c) and alanine (2e) derivatives also worked well (runs 5 and 7). On the other hand, glycine (2a), phenylglycine (2d), and leucine (2f) derivatives failed to complete the cyclization of the alcohol (5a, d, and f) to oxazolidinone (6a, d, and f) under the similar conditions and these reactions afforded the mixture of 5 and 6 (runs 1 and 6). Cyclization of 5a to 6a was attempted under various conditions (Table 4) . Among the following three bases examined, NaOEt, KOBu t , and NaH, use of 1.2 mol equivalent of the last one proved to be most effective (runs 1-3). Under the optimum conditions (run 1), the alcohols (5a, d, and f) could be converted to the corresponding 2-oxazolidinone (6a, d, and f) in good yields (runs 1, 5, and 6). H-NMR spectrum of 6a-f exhibits a coupling constant J H4-H5 ϭ4-5 Hz, reflecting a trans relationship between H4 and H5. 16, 17) Mechanistic Consideration A plausible mechanism of the formation of 2 and 4 is suggested in Chart 2. The reaction involves mesoionic 1,3-oxazolium-5-olates (11), commonly known as munchnones, formed through the cyclodehydration of 1 by TFAA. Although munchnones obtained by cyclodehydration of N-acylamino acids are the most extensively studied class of mesoionic compounds, 18) to our knowledge only one publication has been devoted to an attempt to form 2-alkoxy-substituted munchnones from Nalkoxycarbonylamino acids. 19) In order to obtain 2-alkoxysubstituted munchnones, N-ethoxycarbonyl-N-phenylglycine was treated with SOCl 2 , in which N-carbonylglycine anhydride and ethyl chloride were isolated. This suggests that ring closure to a munchnone actually occurred and that it underwent rapid deethylation. 19) In our previous work, the reaction of N-benzyloxycarbonylproline with TFAA in a refluxing a) The reactions were carried out on a 1 mmol scale. b) Eq refers to molar equivalents with respect to 1a. c) r.t.ϭroom temperature. Table 2 . Reactions of N-Alkoxycarbonylamino Acids (1) with TFAA 
MeCN afforded proline and N-benzylacetamide. 13) Formation of the proline is presumably due to hydrolysis of N-carbonylproline anhydride, which was produed by the attack of trifluoroacetate ion on the munchnone intermediate. N-Ethoxycarbonyl-1,2,3,4-tetrahydroisoquinoline-1-carboxylic acid was treated with TFAA in the presence of pyridine to give the D-W reaction product, 1-trifluoroacetyl-1,2,3,4-tetrahydroisoquinoline and 1-isoquinolone.
20) The 1-isoquinolone might be formed via autooxidation of a munchnone.
18) The above described results support the existence of intermediary 2-alkoxy-substituted munchnones (11) . Thus, the cyclodehydration reaction of 1 to 10 could proceed efficiently in the presence of pyridine and the conversion of 10 to 11 occurred with proton abstraction of 10 by the base. Formation of 4 could be through the attack of trifluoroacetate ion on the munchnone (11). The intermediate (11) undergoes trifluoroacetylation followed by decarboxylation to give the trifluoroacetyl ketones (2): a similar mechanism has been postulated in the D-W reaction. 21) In conclusion, we have shown for the first time that D-W reaction could be applied to N-alkoxycarbonyl-a-amino acids (1) and an efficient preparation of a-amido trifluoromethyl ketones (2) was developed. The hydrated form of these trifluoromethyl ketones (2) is stable and could be efficiently utilized as a synthon for the preparation of trifluoromethyl substituted compounds. 2-Oxazolidinones are an especially important class of compounds 22) due to a building block of b-aminoalcohols of biological interest.
2)

Experimental
General Methods All melting points were determined with a Yanagimoto hot-stage melting point apparatus and are uncorrected.
1 H-NMR spectra were measured on either a JEOL JNM-PMX60SI or a JEOL JNM-GSX500 spectrometer with tetramethylsilane (Me 4 Si) as an internal reference and CDCl 3 as the solvent, unless otherwise noted. 13 C-NMR spectra were obtained on a JEOL JNM-GSX500 spectrometer (at 126 MHz). IR spectra were recorded on a JASCO IR810 spectrometer. Only pertinent IR peaks are given. Low-and high-resolution MS spectra were measured with a JEOL JMS-DS300 spectrometer with a direct inlet system at 70 eV. Combustion analyses were carried out in the microanalytical laboratory of this university. For column chromatography, SiO 2 (Merck, Art 9385) was used. In the preparation of N-alkoxycarbonyl-N-alkyl-a-amino acids (1), L-Phe, LAla, L-Leu, and DL-phenylglycine were used as the starting materials. Methyl N-methyl-N-benzyloxycarbonylphenylalaninate (15c) was prepared by the reported procedure. 23) Preparation of N-Benzyl-N-methoxycarbonyl-a a-amino Acid Esters (15a-j) Compounds (15a-j) were synthesized in good yields by methoxycarbonylation of N-benzylamino acids, which were prepared by the reported method (Chart 3). 24) Ethyl Hydrolysis of Methyl a a-Amino Acid Esters (15a-j) A solution of methyl ester (10 mmol) and 2 N NaOH (7.5 ml, 15 mmol) in dioxane (7.5 ml) was stirred at 65°C for 2 h. The reaction mixture was diluted with Et 2 O (50 ml) and H 2 O (50 ml). The aqueous layer was acidified with conc. HCl and extracted with AcOEt (80 mlϫ2) followed by standard workup to give the desired acids (1a-j) in high yields. General Procedure for the Reaction of N-Alkoxycarbonyl-N-alkyl-a aamino Acids (1a-j) with TFAA TFAA (0.42 ml, 3 mmol) was added to a solution of an N-alkoxycarbonyl-N-alkylamino acid (1) (1 mmol) and pyridine (0.24 ml, 3 mmol) in dry CH 2 Cl 2 (5 ml) at 0°C and the mixture was stirred for 5 h. The reaction mixture was diluted with 1% HCl (20 ml) with cooling and extracted with EtOAc (30 mlϫ2). The combined extracts were washed successively with brine (30 ml), 3% Na 2 CO 3 (30 ml), and brine (30 ml). The organic layer was dried over Na 2 SO 4 and concentrated under reduced pressure at 40°C using a rotary evaporator. The residue was chromatographed on a column of silica gel with AcOEt-hexane as the eluent to give the product (2). In the reactions of 1c and 1h, after the evaporation of the extracts, the precipitated solid was collected and recrystallized to give 4a and 4b, respectively. The filtrate was evaporated and the residue was purified by column chromatography to give 2c and 2h, respectively. The results are summarized in Table 2. 3-(N-Benzyl-N-methoxycarbonylamido)-1,1,1-trifluoro-2-propanone (2a): Yield 54% (after column chromatography) (EtOAc : hexaneϭ1 : 2), oil. IR (oil) cm
Ϫ1
: 3600-2900, 1775, 1670.
1 H-NMR (CDCl 3 , 500 MHz) d: 3.55ϩ4. 25ϩ4.33 (s, 2H), 3.74ϩ3.82ϩ3.83 (s, 3H) General Procedure for the Reduction of ATFMKs (2a-f) with NaBH 4 NaBH 4 (37 mg, 1 mmol) was added to a stirred solution of 2 (1 mmol) in dry EtOH (5 ml) at 0°C, and the mixture was stirred at 25°C for 1-48 h, then diluted with H 2 O (20 ml) and 2 N H 2 SO 4 (5 ml). The mixture was extracted with AcOEt (30 mlϫ2) and the extracts were washed with brine (30 ml), and dried over Na 2 SO 4 . After evaporation of the solvents, the residue was chromatographed on a column of silica gel with AcOEt-hexane as the eluent to give the products (5 and/or 6). The results are summarized in Table 3 .
3-Benzyl-5-trifluoromethyloxazolidin-2-one (6a) and 3-(N-Benzyl-Nmethoxycarbonylamide)-1,1,1-trifluoro-2-propanol (5a): 6a: 27% yield from the less polar fraction (EtOAc : hexaneϭ1 : 2), oil. IR (oil) cm 
